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METHOD AND APPARATUS FOR CONTROLLING ACCESS TO A 
MULTIMEDIA BROADCAST MULTICAST SERVICE IN A PACKET DATA 

COMMUNICATION SYSTEM 



Field of the Invention 

The present invention relates generally to packet data communication systems, 
and, in particular, to a multimedia broadcast multicast service in a packet data 
10 communication system. 

Background of the Invention 

The Universal Mobile Teleconiraunicatioii Service (UMTS) standard provides a 
compalibilily standard for cellular mobile telecommunications syslcms. The UMTS 
standard ensures thai a mobile station (MS), or a user equipment (UE), operating in a 
15 UMTS system can obtain communication services when operating in a system 
manufactured according to the standard. To ensure compatibility, radio system 
parameters and data transfer procedures are specified by the standard, including protocols 
governing digital control messages and bearer traffic that arc exchanged over an air 
interface. 

20 The UMTS standards provide, in 3GPP TS 25.346 (Third Generation Partncrehip 

Project Technical Specification 25.346) vO.5.0 and 3GPP TS 23.846 v6.0.0, for a 
provision of a Multimedia Broadcast Multicast Scr\'icc (MBMS) .service by a UMTS 
conununication system to UEs serviced by the system. The MBMS sci-vicc provides for a 
multicast and unicast of MBMS data, typically in a fonnat of Internet Protocol (IP) data 

25 packets to one or more of the UEs. Jn order to cn.surc that the air interface resources of 
the UM1\S coinJMiinication system arc not wasted, the system must first estimate the 
number of recipients, that is sub.scribed UEs, in a cell providing MBMS data. Ba.wd on 
the estimated lumiber of recipients, the system then deiei-mines whether to establish a 
Point-To-Multipoint (KI M) communication channel in the cell or a Point-To-Point (YIV) 
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channel lo cacf, recipient. When the estimated nunr,ber of recipients in the cell exceeds an 
operator dcr.ncd thrcsliold, the .sysie.n establishes a PTM channel in the cell. When Ihc 
csUuiatcd number of recipients in the cell i.s less lhan the operator dcfmed threshold, the 
system establishes a PTP channel lo each subscribing MS in the cell. 

Typically, the sy.stcm estimates tlie number of recipients based on a number of 
UEs subscribing to MBMS seiviccs that an; iKlive over established connections. Based 
on the estimate, a Radio Network Controller (RNC) included in a UMTS infrastructure 
determines whether to establish a PTM communication channel in the cell or a PTP 
comnuuiicatiou channel lo each UE. The RNC then broadcasts a MBMS notification via 
a Node B. typically a base transceiver station (BTS), and a control channel to all UEs in 
the cell. The notirication typically includes an identifier associated with tlic MBMS 
service. In response to receiving the MBMS notification, each UE in the cell that 
subscribes to the MBMS service may then convey a connection request, typically a Radio 
Resource Control (RRC) connection establishment ixjqucst. lo the RNC via an access 
channel. Upon receiving (he connection requests from each of the subscribing UEs. the 
RNC establishes a PTM communication channel or establishes PTP communication 
channels with each responding UE. whichever the RNC has dctcmiincd to e.stabli.sh, and 
conveys the MBMS data to the subscribing UEs over ihc CHtablished channel or channels. 

In order to limit the number of connection i-cque.sts generated in response to the 
20 MBMS notiiication. il has been proposed to broadcast an access pmbability factor in 
conjunction with the MBMS notification. However, a problem arises in that, typically, 
Uic RNC is not aware of a number of idle mode UEs in a cell that have subscribed to an 
MBMS service. Since the idle mode UEs do not have active connections with the RNC, 
the RNC does not count lhe.sc UEs when climating a munbcr of recipients of the MBMS 
data. When the access probability factor is set to a high value and the number of idle 
mode UEs subscribing to the MBMS .service is also large, an access channel can be 
ovcrioaded by the number of connection requests generated in response to the MBMS 
notification. In the event of a system overioad. the UMTS .standards permit an operator 
of the .system to employ a back-off mechanism. However, back-off mcchani.snKS produce 
30 connection .sci-np delays ami wa.stc RH re.sources as UEs must repeatedly transmit 
connection n-quests. On (he other hand, wIkm. the access probability Inclor is .set to a low 
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value and the number of idle mode MSs subscribing to the MBMS service is small, ihc 
number of connection rcqucsCs received by the RNC in res|jonsc to a counting request 
may be insufficient to invoke establishment of a PTM channel when a PTM channel may 
be. the most efficient scheme for disseminating the multimedia data. 

5 Therefore, a need exists for a method and apparatus that provides a more accurate 

estimate of a number of mobile slalions serviced by a syslcm and subscribed to MBMS 
service, including idle mode mobUe slalions. while limiting a number of connccUon 
requests generated in response to an MBMS notification, and that provides for dynamic 
adjustment of an access probability factor that controls the number of connecUon 
10 requests. 

Brief Description of the Drawings 

HG. 1 is a block diagram of a wireless conununication system in accordance with 
an embodiment of the present invention. 

FIG. 2 is a block diagram of a mobile station of FIG. 1 in accordance with an 
15 embodiment of ihe present invention. 

FIG. .3A is a logic flow diagram depiciing n method for determining whether to 
establish a Point-To-Mullipoint (PTM) conununicalion or a Point-to-Point (PTP) 
communicaliou for conveyance of Mulliniedia Broadcasl Multicast Service (MBMS) data 
to sub.scribing mobile stations in accordance with an embodiment of the present 
20 invention. 

FIG. 3B is a continuation of the logic flow diagram of FIG. 3A depiciing a 
mcihod for determining whether lo establish a PTM conununicalion or a PTP 
conununicaUon for conveyance of MBMS data to subscribing mobile slalions in 
accordance with an embodiment of the present invention. 

25 FIG. 4 is a logic flow diagram depicting a jueihod for determining whether to 

usiabJish a I»TM coinniunicaiiou or a FfP coimuuiiication lor convcyjuicc of MBMS <laia 
to subscribing mobile slalions in accordance with another cmbodiiuenl of the pivscnl 
invention. 
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FIG. 5 is li logic flow diagram of steps executed by a mobile station of FIG. 1 in 
responding ro a control message in accordance with an embodiment of the present 
invention. 

Detailed Description of the Invention 

To address tiie need, for a mcUiod and an apparatus that that provides a more 
accurate estimate of a number of mobile stations serviced by a system and sub.scribed to 
MBMS service, including idle mode mobile statioris. whUe limiting a number of 
connection requests generated in response to an MBMS notification, and that provides for 
dynamic adjustment of an access probability factor that controls the number of connection 
requests, a communication system determines whether to establish a point-to-multipoint 
communication or a point-to-point communication for conveyance of Multimedia 
Broadcast Muitica.st Service (MBMS) data based on a number of mobile stations, both 
idle mode and maintaining an active connection, serviced by the system and subscribed to 
an MBMS service. The system broadcasts a control me.ssage that includes an acce.ss 
probability factor. In order to avoid overloading the system with a number of responses 
generated in response to ihe control message, mobile stations mmntaining an active 
connection ignore the control message while idle mode mobile stations detemiine 
whether to respond based on the access probability factor. The .system compares a 
number of responses received in respon.se to the control message to a threshold and 
determines whether to establish a point-to-multipoint communication or a point-to-point 
communication based on the comparison. The system also adjusts the access probability 
factor based on the number of responses. 

Generally, an embodiment of the present invention encompasses a method for 
controlling access to a Multimedia Broadcast Multicast Service (MBMS) service. The 
method includes detennining a quantity of mobile stations subscribed to the MBMS 
service and maintaining an active connection, determining an access probability factor, 
and broadcasting a control message comprising the access probability foctor. The method 
further includes receiving, from end, of one or more idle mode mobile stations, a 
response to the contr<,l message, comparing the number of received responses to a 
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Uireshold to produce a comparison, and deieriiiining whether to establish a point-io- 
mullipoinl coiiiinunication or a poinl-lo-poinl coiiununicalion based on the comparison. 

Anotlicr embodiment of tlic present invention encompasses a method for 
accessing a Multimedia Broadcast Multicast Service (MBMS) service. The method 
5 includes receiving, by a mobile station, a control massage a.ssociated with the MBMS 
service and comprising an access probability factor. Tlic method further includes 
ignoring the control message when an active connection exists between the mobile station, 
and an infrastructure and, when an acUve connection does not exist between the mobUc 
station and an infrastructure, determining whether to respond to the control message 
10 based on the access probability factor. 

Yet another embodiment of tlic present invention encompa.sscs an apparatus for 
controlling access to a Multimedia Broadcast MulUcast Service (MBMS) service. The 
apparatus includes at least one memory device that maintains an access probability factor 
and further maintains a record of a quantity of mobile stations .subscribed to the MBMS 

15 service and maintaining an active connection. The apparatus further includes a processor 
coupled to Uic at least one memory device that determines a quantity of mobile stations 
subscribed to the MBMS .service and maintaining an active connection and an accass 
probability factor by reference to the at least one memory device, conveys a control 
message compri-sing the access probability factor, receives, from each of one or more idle 

20 mode mobile station.s, a rcspon.«sc to the control mc.s.sagc; compares the number of 
received responses to a threshold to produce a comparison, and determines whether to 
establish a point-to-multipoint communication or a point-to-point conununication based 
on the comparison. 

Still another embodiment of tlw: present invention encompasses a mobile .station 
25 capable of accessing a Multimedia Broadcast Multicast Service (MBMS) service. The 
mobile station includes a receiver that receives a control message associated with the 
MBMS .service and comprising an access probability factor. The mobile station further 
includes a procc.s.sor operably coupled to the receiver that receives the control message 
from the receiver, ignores the control message when an active connection exists between 
30 the mobile station and an iiifrastruciiirc, and. when an active connection does not exist 
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between the mobile station and an infiasiructure, determines wheiber to respond to Ihc 
control message based on the access probability factor. 

nie prescnl invenUon may be more fully described with reference to FlGs. 1-5. 
RG. I is a block diagram of a wireless communication .system 100 in accordance with an 
embodiment of the present invention. Communicailon sy.«;tcm 100 includes multiple 
mobile suiions (MSs). or user equipment, 102-104 (three shown) in wireless 
communicaUon with a Radio Access Network (RAN) 110. RAN 1 10 includes at least 
one tramccivcr. or Node B, 112 that is opcrably coupled to a controller 1 14, preferably a 
Radio Network Controller (RNC). Communication system 100 further includes a support 
node I20coupled to RAN 110. Support node 120 typically includes one or more Serving 
3G-GPRS Support Nodes (SGSNs) that are each coupled to one or more 3G-Galeway 
GPRS Support Nodes (GGSNs). However, the precise architecture of .support node 120 
is up to an operator of communication system 100 and is not critical to the present 
invention. Together. RAN 1 10 iind support node 120 are collectively rcfcircd to herein as 
15 an infruslruclure 122, 

£ach of MSs 102-104 subscribes to a Multimedia Broadcast Multicast Service 
(MBMS) service provided by communication system 100, which service provides for a 
distribution of MBMS data to the MSs. MBMS services arc described in detail in the 
3GPP (Third Generation Partncnship Project) .standards, and in particular 3GPP IS 
(Technical Specification) 25.346 vO.5.0. 3GPP TS 23.846 v6.0.0. 3GPP TS 22.146 
V6.0.0. 3GPP TR (Technical Report) 21.905 v5.4.0, and Report R2-030063. which 
specifications and rcport.s are hereby incorporated by reference herein and copies of 
which may be obtained from the 3GPP via the Internet or from the 3GPP Oiganization 
Partners' Publications Offices at Mobile Competence Centre 650. route dcs Luciolcs. 
25 06921 Sophia-Antipoli.s Ccdcx, France. 

RAN 1 10 provides communications scn^ices to mobile station.s, .such as MS 102- 
104, located in a coverage area, such as a cell, serviced by the RAN via an air interface 
128. Air interface 128 compri.scs a downlink 130 and an uplink 135 that each includes 
multiple communication channels. Preferably, downlink 130 includes a paging channel 
30 131, al Icaist one downlink control channel 1 32. anil at least one downlink traffic channel 
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133. Preferably, uplink link 135 includes an uplink access channel 136, ai Icasl one 
uplink signaling channel 137, and at lease one uplink traffic channel 138. 

Referring now lo FJGs. I and 2, controller 1 14 and each of MSs 102-104 includes 
a rcspcclivc processor 116, 206 such as one or more inici-oprocessors, microcontrollers, 
5 digital signal processors (DSPs), comhinations thereof or such other devices known to 
those having ordinary skill iu the an. Controller 114 and each of MSs 102-104 further 
includes a respective one or more memory devices 118, 208 associated with the 
respective processor, such as random access memory (RAM), dynamic random access 
memory (DRAM), and^or read only memory (ROM) or equivalents Qiereof. thai store 

10 data and programs that may be executed by the processor and allow the processor to 
operate in communication system 100. The one or more memory devices 118 of 
controller 1 14 further maintains information concerning all MSs that are serviced by the 
controller and that currently maintain an active connection with RAN 110. Each of MSs 
102-104 further includes a receiver 202 and a lran.smitter 204 that arc operably coupled to 

15 processor 206 and that respectively provide for receiving and transmitting messages by 
the MS. 

Preferably, communication system 100 is a Universal Mo!>ilc Telecommunication 
Service (UMTS) connnunicalion system that operates in accordance with tlic 3GPP 
(Third Generation Partnership Project) sUindards, which provide a compatibility standard 

20 for UMTS air interfaces and which standards 4are hereby incorporated herein in their 
entirety. The standards specify wireless telecommunications system operating protocols, 
including radio system parameters and call processing procedures. In communication 
system 100, the comnmnication channels of forward link 130 or reverse link 135, such as 
access channels, control channels, paging channels, and traffic channels, each comprises 

25 one or more of multiple time slots in a same frequency bandwidth. However, those wlio 
arc of ordinaiy skill in the art realize that communication system ICX) may operate in 
accordance with any wireless tclcconmiunicalion system, such as but not limited to a 
General Packet Radio Service (GPRS) communication system, a Code Division Multiple 
Access (CDMA) 2000 communication system, or an Orthogonal Frequency Division 

30 Midliplc Access (OFDM) coinuiuiiicaiion system. 
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Communication system 100 further i.iclu.lcs a MuliinicUia Broadcast Multicast 
Service (MBMS) data source 126. such as an Inlemcl Protocol (IP) iiiullicasl server, thai 
is coupled U) infrastnicture 122. and in particular to support node 120. via a data network 
124. such as an IP network. As part of the MBMS service subscribed to by each of MSs 
5 102-104, MBMS data source 126 .sources MBMS data, typically in the form of 1? data 
packets, to MSs 102-104 via .suppon node 120 and RAN 110. and in particular via 
controller servicing the service sub-scribcrs. that is. controller 1 14 with respect to MSs 
102-104. When RAN 1 10. and in particular controller 1 14. receives the MBMS data, the 
RAN must then dctemiine whether to convey tlic MBMS data to each of the suh.scribing 
10 MSs .serviced by the RAN. that is MSs 102-104. via a multicast, or Point-To-MuUipoint 
(PTM). communication channel or individual unicasl. or Point-To-Poinl (PTP), 
communication channels. 

In order to detemiine whether to establish a PTM communication channel or 
individual PTP communication channels. RAN 110 must first estimate the number of 
MSs located in the coverage area serviced by the RAN and sub.scribing to the MBMS 
service .sourcing the MBMS data and determine an access probability factor based on the 
estimate. In prior art propo.sals, a RAN determines an access probability factor based on 
a number of MSs with active connections to the RAN and .subscribing to the MBMS 
service. However, such a determination fails to account for idle mode MSs serviced by 
20 the RAN and subscribing to the MBMS .service. As a result, in the prior art. when a large 
number of idle MSs subscribe to iIk: service and the access probability factor is .set to a 
high value, the determined an access p.obability laclor could result in an overloading of 
an access channel by a nun*cr of MSs responding to an MBMS noUficaiion or, when a 
small number of idle MSs subscribed to the .service and the RAN set an access probability 
factor to a low value, the number of connection requests received by the RNC in response 
to a counting request may be insufficient to invoke cslablisluucnt of a FIM chaiuiel when 
a PI M channel may be the njost efficient scheme for disseminating the multimedia data. 

In order to prevent an uplink access channel 136 from being overwhelmed by 
connection requests in respon.se K, an MBMS notification, and to provide for an 
30 appropriate .selection of a ITM connociion or individual ITP connections for convey.-mcc 
of MHMS data, connnunicaiion system 100 provides lor a more accurate n.cll.od of 
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estimating a number of MSs subscribing to an MBMS service and located in a service 
area of RAN J 10 while limiting a number of MSs responding to the MBMS noiificalion, 
and further provides an adapiivcly determined access probability factor to optimize the 
number of responses and Ihc estimate of the number of subscribing MSs. FIGs. 3A and 
5 3B depict a logic Oow diagram 300 of a method executed by communicadon system 100 
in estimating a number of MSs subscribing to an MBMS scnrice and determining whether 
to establish a PTM communication a PTP communication for conveyance of MBMS data 
in accordance with an embodiment of the present invention. Logic flow diagram 300 
begins (301) when RAN 1 10, and in particular controller 1 14. determines (302) a quanUty 

10 of MSs subscribed to the MBMS sen^icc and maintaining an active connection with the 
RAN. Preferably processor 116 of controller 114 dctennines the quantity of MSs 
maintaining an acUve connection with the RAN by reference to memory 1 1«. Unless 
otherwise specified herein, all functions performed herein by RAN 1 10 arc performed by 
controller 1 14, and .specifically by processor 116 ofcomrolier 1 14. Furthermore, unless 

15 otherwise specified herein, all functions performed herein by controller 114 arc 
performed by procc.s.sor I l6of amtrollcr 1 14. 

RAN 1 10, specifically controller 1 14, initializes (304) an access probability factor 
'P: that is. set.s */" equal to an initial access probability factor, 'Pi^„' that is mainluincd 
in memory 118 or dacrmined based on an algorithm maintained in memoty 118 of 

20 controller 1 14. RAN 1 10 then broadcasts (306). via transceiver 1 1 2 and downlink control 
channel 132. preferably an MBMS control channel, one or more control messages that 
includes tlie initialized access probability factor 'P.' Tlie one or more control messages 
further includes information dial allows each MS 102-104 to determine ihnt the MS is an 
intended recipient of die message, such as an identifier associated with the MBMS 

25 service, an identifier as.socialed with an MBMS service group of which each MS 1 02- 1 04 
is a member, or an identifier uniquely a.s.sociaicd with each MS 102-104 that is a member 
of Uic MBMS service group and/or subscribes to the MBMS service. Preferably, the one 
or more control messages comprise a modified version of an MBMS notification message 
that is defined in 3GI>P TS 23.840 v6.().(). which notification mcs.sagc is modified to 

30 include Ihc access probability factor. 
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In response lo broadcasting the one or more control messages that Includes the 
access probability factor RAN 1 10 receives (308) a quantity of responses ^N,' 
preferably requests lo estabJish a connection, via uplink access channel 136. The 
responses are conveyed to RAN 1 10 only by idle mode MSs subscribed lo the MBMS 
5 service, as each MS subscribed to the MBMS service and maintaining an active 
connection to the RAN ignores, that is. does not respond to. the one or more control 
messages. Preferably, each request to e.stablish a connecUon comprises a connection 
request, such as a Radio Resource Control (RRC) connecUon establishment request, and 
corresponds to an MS. such as MSs 102-104, subscribing the MBMS service and desirous 
10 of establishing a connection and receiving the MBMS data. Since communication system 
100 adaptively determines the access probability factor the initial access probability 
factor ^Pi^,' can be set small enough to ensure that responses to the broadcast control 
message do not overload access channel 136. 

For example, in one embodiment of the present invention, the initial access 
15 probability factor 'P^,/ may be determined by RAN 110 by solving the following 
equation for P^,, which equation may be iiuiintaincd in memory 118 of conliollcr 1 14: 

Z (1 rSl-/,. 

The factor 'A/' corresponds to an adjusted multicast threshold, that is, to a multicast 
threshold that is reduced by the quantity of MSs subscribed to the MBMS service and 
maintaining an active connection with the RAN. The multicast threshold may be 
predetermined by the operator of syjitcn. 100 and may be maintained in memory 118 of 
controller 114 and corresponds to a quantity of responding MSs below which the RAN 
will establish individual PTP communication channels and above which the RAN will 
establish a PTM communication ch:mnel to distribute the MBMS data. Preferably, the 
25 multicast threshold is n fixed value that nu.y be detennined based on system sinmlations 
or past ex,x;rience. Controller 1 14 then determines the adjusted multicast threshold W 
by reference lo memory 1 18 and based on the delemiincd quantity of MSs subscribed to 
the MBMS service and maintaining an active connection with the RAN. The factor >' 
corresponds ,o a single-broadcast success probability, that is. a probability that only a 
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single iteration will be needed to estimate the number ot MSs subscribing to the MBMS 
service and serviced by RAN 1 10. The factor 'C^,' corresponds to a combination factor 
and rcfcn; to selecting T objects from a set comprising X' objects. For example, 'C',,,' 
may correspond to selecting 3 users from a set of 10 uscits. 'iTic parameter X' 
corresponds to a target maximum number of idle mode MSs. For example, if one desired 
to make a single broadcast of the access probability factor successful, and ihe probability 
is greater than 0.95 (95 pcnrcnt) that the number of idle mode MSs is less than 200. and 
0.95 is an acceptable probability, then L may be set equal to 200. 

RAN 110 then compares (310) the quantity of responses 'AT to the adjusted 
tnullicast threshold 'A/' to produce a comparison and. based on tin. comparison 
determines whether to establish a PTP communication or a PTM eommunicalion for 
conveyance of the MBMS data. When RAN 1 10 determines (310) that 'JV is greater than 
'M: the RAN establishes (312) a PTM communication channel in accordance with well 
known techniques and adjusts (314) the initial access probability factor ha.sed on 
the quantity of respon.scs 'AT and the adjusted multicast threshold ^M: Picfembly. RAN 
110 sets the initial access probability factor -P,,,' equal to P*M/N, that is. sets k* = 
P*M/N. By adjusting the access probability factor based on the number of responses 
nxeived in response to the broadcast of the control me.s.«ee. RAN 1 10 implement an 
access pmbability factor that is low enough that it limits the quantity of respon.scs to a 
number that will not overload the access channel and is high enough that the quantity of 
re.spon.ses will properly invoke a FI'M communication or a FTP communication for 
conveyance of the MBMS data. RAN 110 then conveys (316) the MBMS data to 
subscribing MSs 102-104 via transceiver 112 and the cslabli.shed FITVI communication 
channel. The logic flow then ends (318). 

When RAN 1 1 0 determines (3 10) thai the quantity of responses 'N' is less than or 
equal to ihc adjusted multicast threshold 'M.' the RAN further detcm)ines whether to 
establish a PTP communication or a PTM communication for conveyance of the MBMS 
data ba.sal on the ..ccess probability factor. RAN 110 determines (320) whether the 
access pmbability factor T' is cqu(U lo one (J), that is. whether P = /. When RAN 1 10 
determines that P' is equal to one (1 ). the RAN establishes (322) a PTP conjmunicalion 
channel in accordance wi.h well known techniques with each M.S I02-I(W responding to 
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the conirol message and conveys (324). via transceiver 112 and the established FTP 
communication channels, the MBMS data to each ol the MSs. The logic now ihen ends 
(318). 

When RAN 110 dclcrniincs thai the access probability factor 'P' is not equal to 
5 one ( 1 ). the RAN rurlhcr determines whether lo establish a PTP communication or a PTM 
communication for conveyance of the MBMS data based on the received quantity of 
responses *N.' Preferably. RAN 110 delcnnincs whether to establish a FIT 
communication or a PTM communication by determining (326) whether the quantity of 
responses 'IT is equal to zero (0). that is. whether N = 0. When RAN 110 determines 

10 (326) that the quantity of responses W is equal to zero (0), then the RAN sets (328) the 
access probability factor 7>' equal to one (I) and establishes (322) a PTP communication 
channel in accordance with well known techniques with each MS 102-104 responding lo 
the control message. RAN 110 then conveys (324). via transceiver 112 and the 
established PTP communication channels, the MBMS data lo each of the MSs. The logic 

15 flow then ends (3 18). 

When RAN 1 10 determines (326) that the quantity of responses W is not equal lo 
zero (0). then the RAN adjusts (330) ihc access probability factor 'P' based on the 
quantity of responses W and the adjusted multicast threshold 'M: Preferably, RAN 1 10 
adju.sis Ihc access probability Jaclor 7^' by setting 7" equal to P*M/N, that is, selling F = 

20 F*M/N. RAN 1 10 then compares (332) the adjusted access probability factor '/>' to an 
access probability factor threshold 'F/ maintained in memory 1 18 and determines (334) 
ba.sed on the comparison, whether the adjusted access probability factor is greater than the 
access probability factor threshold. When the adjusted access probability factor */" is 
less than or equal to the access probability factor threshold *Pr,' no further adjustment is 

25 made lo ihe adjusted access probability factor 'P' and logic llow diagram proceeds to step 
338. When the adjusted access probability factor '/>' is greater than the access probability 
factor threshold 7*,.' RAN 110 readjusts (336) the access probability factor 'P.' thai is. 
sets Ihc access probability factor 'P' equal lo one (1). RAN 1 10 then delermines (338) 
whether the (rc)adjustcd access probability factor 'P' is greater than one (1). 
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If RAN 1 10 determines that the (re)adjiisted access probability factor 7" is less 
than or equal to one (1), logic flow diafirani 300 returns to step 306 and the RAN 
broadcasts a control message thai includes the (re)adjusted access probability factor 
and further includes an identifier associated with the MBMS service via transceiver 1 12 
and downlink control channel 132. In response to broadcasting the one or more control 
messages that includes the (re)adjusied access probability factor RAN 1 10 receives 
(308) another quantity of responses, preferably requests lo cstabJisli a connection, via 
uplink access channel 136. Again, the responses arc conveyed lo RAN 1 10 only by idle 
mode MSs subscribed to the MBMS service, as each MS subscribed lo the MBMS 
service and maintaining an active connection to the RAN does not respond lo the 
broadcast control message. RAN 1 10 then compares (310) the another quantity of 
responses lo the adjusted multicast threshold 'M' lo produce another comparison and 
determines, based on the another comparison and as is described above in slops 312 
through 338. whether to establish a FTP communicaUon or a PTM communication for 
15 conveyance ofthc MBMS data 

If RAN IJO determines that the (re)adjusted access probability factor *P' is 
greater than one (I), the logic flow proceeds to step 322, wherein RAN 1 10 eslablishes a 
PTP communication channel in accordance with well known techniques with each MS 
102-104 responding to the control message. RAN 110 then conveys (324). via 
20 inmsceivcr 112 and the established PTP communication channels, the MBMS data to 
each of MSs 102-104. The logic flow then ends (318). 

In another embodiment ofthc present invention, a simplified approach is provided 
to the determination of whether to establish a PTM communication a TO communication 
based on a number of idle mode mobile staUons responding to a comrol message. FIG. 4 

25 depicts a logic flow diagram 400 of a method executed by communication sy.siem 100 in 
estimating a number of MSs .subscribing to an MBMS service and determining whether to 
establish a ITM conHiumication channel or multiple PTP conununication channels in 
accordance with another embodiment of the present invention. Simihir lo logic flow 
diagram 300. logic flow diagram 400 begins (401) when RAN 110, and in particular 

30 controller 1 14. dcttrmincs (402) a quantity of MSs sub.scribcd to the MBMS service and 
maintaining an active connection with the RAN. Preferably processor 1 16 of controller 
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1 1 4 determines the quantity of MSs mainlnining an active connection with the RAN by 
reference to memory 1 18. 

RAN 1 10. .specifically controller 1 14, iniualizcs (404) an access probability factor 
*/>/ that is. sets 'P' equal to an initial access probability factor, '/>,„.„' that is maintained 
5 in memory 118 of controller 1 14. RAN 1 10 then broadcasts (406). via transceiver 1 12 
and downlink control channel 132. preferably an MBMS control channel, one or more 
control messages that includes the initialized acces.s probability factor P' and that further 
includes infoimalion that allows each MS 102-104 to determine that the MS is an 
intended recipient of the message. Similar to logic flow diagram 300, the one or more 
10 control messages preferably compri.se a modified version of an MBMS notification 
message that is defined in 3GPP TS 23.846 v6.0.0. which notification me.ssage is 
modified to include the initialized acc&ss probability factor. 

In response to broadcasting the one or more control messages that includes the 
initi;Uized access probability factor 'P,' RAN 1 10 receives (408) a quantity of responses 

15 W.' preferably reque.sts to establish a connection, via uplink access channel 136. The 
re.sponses are conveyed to RAN 1 10 only by idle mode MSs subscribed to the MBMS 
service. Preferably, each reque.st to establish a connection comprises a connection 
request, such as a Radio Resource Control (RRQ connection establishment ieque.st. and 
corre.spond.s lo an MS, .such a.s MS.s l()2-l()4. .subscribing the MBMS .sen^ice and desirous 

20 of establishing a connection and receiving the MBMS data. 

RAN 1 1 0 then determines (410) whether the quantity of respon.ses 'AT is gre;,ter 
than or equal to the adjusted multicast threshold 'M.' When RAN 1 10 determines that 
•A^* is greater than or equal to 'M,' the RAN establishes (412) a PTM comnninication 
channel in accordance with well known techniques and adjusts (414) the initial access 
probability factor 7>,„,/ based on the quantity of responses W and the adjusted multicast 
threshold 'M: Preferably, RAN 1 10 .sets the initial access probability factor '/>..,• equal 
to P*M/N. that is, .sets P,„, = p*m/N. RAN 110 then conveys (416). via transceiver 1 12 
and the established PTM co„„„«„ication channel, the MBMS data. The logic How then 
ends (4 18). 
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When RAN 1 10 delermines that the quantity of responses 'N' is less than the 
adjusted mukicast threshold 'M.' the RAN adjusts (420) the access probability factor r 
based on ,he quantity of responses 'AT and ihe adjusted multicast ihrashold 'M' 
Preferably, RAN 1 10 sets the access probability factor '/>' equal to P*M/N, that is. sets P 
= P*M/N. RAN 1 10 then determines (422) whether the adjusted access probability factor 
T- is greater than or equal to one (1), that is. whether /»> V. When RAN 1 10 determines 
that •/>• is greater than or equal to one (J). Hie RAN establishes (424) a FTP 
communication channel in accordance wiU, well known tcclmiques with each MS 102- 
104 responding to the control message and conveys (426), via transceiver 112 and the 
established PTP communication channels, MBMS data to each of the MSs The logic 
now then ends C4I8). When RAN NO determines that is less than one (I) logic How 
diagram 400 returns to step 406. where the RAN broadcasts, via tiansceiver 112 and 
downlink control channel 132; preferably an MBMS control channel, one or more control 
messages thai includes the adjusted access probability factor and that further includes 
mfomiation that allows each MS 102-104 to detemiinc that the MS is an intended 
rec.p,enl of the message. Communication system KK) then repeats whichever steps are 
appropriate of steps 408 through 426. 

HG. 5 is a logic flow diagram 500 of steps executed by each of MSs 102-104 in 
responding to a control message received from RAN 110 in accordance with an 
embodiment of the present invention. Unless otherwise specified, all functions 
performed herein by each of MSs 102-104 are performed by processor 206 of the MS 
U,gic flow diagram 500 begins (502) when an MS, .such as MSs 102-104. serviced by 
RAN 1 10 receives (504) a control message from the RAN identifying an MBMS serv^ice 
to which tl>e MS subscribes, to response to receiving Uie control nH^ssagc, the MS 
determines (506) whether the MS a connection, preferably a Resource Control (RRC) 
connection, is established between the MS and RAN 1 10. When the MS determines that 
a connection is established, die MS ignores (508). that is. does not respond to, the control 
message and the logic flow ends (5 10), 

When the MS determines that a connection is not established, for cxmnple when 
30 the MS is in an idle mode, the MS dclenmncs (512) whether lo respond to the control 
message ba.scd on the access probability fac.or V>' included in the control n,e.s.sage. 
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Preferably, ihe slep of dclcnnining whether to respond comprises the following steps. 
The MS performs a uniform random draw test over the interval |0,11 that produces 
probability factor '/'w' Uniform random draws tests are well known in the an and will 
not be described in greater detail. The IVIS then compares the probability factor prtxluced 
by the uniform random draw lest, that is. Tw.' to the access probability factor 
Included in the control message. When the probability factor 'P^' is greater than or 
equal to the access probability factor *P> the MS determines not to respond to the control 
message, that i.s, ignores (514) the control message, and the logic flow cnd.s (510). When 
the probability factor 'P^' is greater than or equal to the access probability factor 'P^ 
the MS detemiines to establish a connection, preferably an RRC connection, with RAN 
110 and conveys (516) a request for a connection, preferably an RRC connection 
establishment request, to the RAN via uplink access channel 136. The logic How then 
ends (510). 

In .summarization, communication .system 100 determines whether to establish a 
PTM communication or a Pn> communication for conveyance of Multimedia Broadcast 
Multicast Service (MBMS) data based on a number of MSs (102-104). l>oth idle mode 
and maintaining an active connection, .serviced by the system ;uid .sub.scribcd to an 
MBMS service. Communication system 100 broadcasts a control message that includes 
an access probability factor. In order to avoid overloading the system with a number of 
responses generated in response to the control njcssage, MSs maintaining an active 
connecUon ignore the control message while idle mode mobile stations determine 
whetlHsr to re.spond based on the access probability factor. Communication system 100 
compares a number of respcm.scs received in re.spon.se to the control message to a 
llircsliold and determines, based on the comparison, whether to establish a PTM 
25 communication or a PTP communication lor conveyance of the MBMS data. When (he 
comparison indicates that the number of responses does not exceed the tlireshold. 
communication system 100 may ftirther consider one or more of the access probability 
factor and die quantity of responses received in determining whether lo establish a PTM 
communication ur a PTP conununicatio,,. The .system also adjusts the access probability 
30 facor ba.scd on .he number of received responses in order lo control a quimlity of 
re.sponscs generated by any sub.seqnenl broaidcasls of the tontn)) message. 
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While ihe present invenlion has been particularly shown and described wiih 
reference to particular embodiments thereof, it will be understood by those skilled in the 
art that various changes may be made and equivalents substituted for elements thereof 
5 without departing from the scope of the invention as set forth in the claims below. 
Accordingly, the Jipccification and figures arc to be regarded in an illustrative rather then 
a restrictive sense, and all such changes and substitutions are intended to be included 
witliin the scope of the present invention. 

Bcnellts, other advantages, and solutions to problems have been described above 
10 with regard to specific embodiments. However, the benefits, advantages, solutions to 
problems, and any elemenl(s) that may cause any benefit, advantage, or solution to occur 
or become more pronounced arc not to be construed as a critical, requircd, or essential 
feature or clement of any or all the claims. As used herein, the terms **comprises,'' 
"comprising," or any variation thereof, are intended to cover a non-exclusive inclusion, 
15 such that a process, method, article, or apparatus that comprises a list of clcinenls does 
not include only those elements but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. It is further understood that the use 
of relationsil terms, if any, stich as first and second, top mid bottom, and the like are used 
solely to distinguish one entity or action from another entity or action without necessarily 
20 recjuiring or implying any actual such relationship or order between such entities or 
actions. 



